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(54) Semiconductor laser device 

(57) A semiconductor laser device comprises a 
GaAs substrate (1), a first cladding layer (2) having 
either one of p-type electrical conductivity and n-type 
electrical conductivity, a first optical waveguide layer (3), 
an ln x2 Gai.x2 A Si-y2Py2 first barrier layer (4), an 
In^Ga-j.^As^ysP^ quantum well active layer (5), an 
ln x2^ a i-x2 As i-y2 p y2 second barrier layer (6), a second 
optical waveguide layer (7), and a second cladding layer 
(8) having the other electrical conductivity, the layers 
being overlaid in this order on the substrate (1). Each 
cladding layer (2,8) and each optical waveguide layer 
(3.7) have compositions, which are lattice matched with 
the substrate (1). Each of the first and second barrier 
layers (4.6) has a tensile strain with respect to the sub- 
strate (1) and is set such that a total layer thickness of 
the barrier layers may be 10nm to 30nm, and a product 
of a strain quantity of the tensile strain and the total layer 
thickness may be O.OSnm to 0.2nm. The active layer (5) 
has a composition, which is lattice matched with the 
substrate (1), or a composition, which has a tensile 
strain of at most 0.003 with respect to the substrate (1). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a semiconductor laser 
device. This invention particularly relates to a composi- 
tion of a semiconductor layer, which constitutes a semi- 
conductor laser device. 

Description of the Prior Art 

[0002] As a semiconductor laser, which produces a 
laser beam having a wavelength in the band of 0.7nm to 
0.85|im, there has heretofore been known a semicon- 
ductor laser comprising an n-GaAs substrate, an n- 
AIGaAs cladding layer, an n- or i-AIGaAs optical 
waveguide layer, an i-AIGaAs active layer, a p- or i- 
AIGaAs optical waveguide layer, a p-AIGaAs cladding 
layer, and a p-GaAs capping layer, which layers are 
formed on the substrate. However, such a structure has 
the drawbacks in that A! contained in the active layer is 
chemically active and apt to be oxidized, and therefore 
the end face of a resonator is readily deteriorated due to 
cleavage. Accordingly, the reliability of the semiconduc- 
tor laser cannot be kept high. 
[0003] Therefore, as a semiconductor laser, which 
produces a laser beam having a wavelength of a 875nm 
band and is of the all Al-free type, there has heretofore 
been proposed a semiconductor laser comprising an n- 
GaAs substrate, an n-lnGaP cladding layer, an undoped 
InGaAsP optical waveguide layer, a GaAs quantum well 
active layer,- an undoped InGaAsP optical waveguide 
layer, a p-lnGaP cladding layer, and a p-GaAs capping 
layer, which layers are formed on the substrate. Such a 
semiconductor laser is described in, for example, "IEEE 
Photonics Technology Letters," Vol. 6, No. 4, 1994, p. 
465. However, the proposed Al-free semiconductor 
laser has the drawbacks in that the dependence of 
device characteristics upon temperatures is large and in 
that, though the maximum light output power is as high 
as 4.2W, the light emission efficiency becomes low due 
to the occurrence of leak current at light output power of 
above 1 W. The proposed Al-free semiconductor laser is 
not suitable as a high-output-power semiconductor 
laser for producing a laser beam having wavelengths of 
a short-wavelength band in the vicinity of 0.8nm. 
[0004] Also, as a semiconductor laser, which pro- 
duces a laser beam having a wavelength of a 0.8^m 
band and in which an active layer is of the Al-free type, 
there has heretofore been reported a semiconductor 
laser comprising an n-GaAs substrate, an n-AIGaAs 
cladding layer, an i-lnGaP optical waveguide layer, an 
InGaAsP quantum well active layer, an i-lnGaP optical 
waveguide layer, a p-AIGaAs cladding layer, and a p- 
GaAs capping layer, which layers are formed on the 
substrate. Such a semiconductor laser is described in, 



for example, "Jpn. J. Appl. Phys.."VoL 34, 1995, pp. 
L1 175-1 177. However, the reported semiconductor 
laser has the drawbacks in that the temperature charac- 
teristics of the device characteristics are high due to 

5 carrier overflow. Therefore, the drive current cannot be 
kept small under the conditions for radiation a laser 
beam having a high intensity, and the reliability cannot 
be kept high due to an increase in the device tempera- 
ture due to heat generation. 

10 [0005] Further, a semiconductor laser having an 
enhanced reliability has been proposed in, for example, 
"IEEE Journal of selected Topics in Quantum Electron- 
ics," Vol. 3, No. 2, 1997, p. 180. In the proposed semi- 
conductor laser, a GalnP semiconductor of a 

is composition ratio having a compressive strain with 
respect to a substrate is employed as an active layer, 
and an AIGalnP layer having a tensile strain of at least a 
level that cancels the compressive strain of the active 
layer is employed as a side barrier layer. Crystal struc- 

20 ture relaxation is caused to occur in the vicinity of a radi- 
ating end face of the laser device, and the band gap at 
the end face is kept large. In this manner, light absorp- 
tion at the time of laser beam radiation is kept low, and 
deterioration of the device due to light absorption at the 

25 end face is reduced. The reliability is thereby enhanced. 
However, as described in "Jpn. J. Appl. Phys.,"Vol. 21, 
1982, p. L323, in cases where a semiconductor laser for 
producing a laser beam having a wavelength of an 
800nm band is to be constituted of an InGaAsP type of 

30 active layer, in the relationship between the InGaAsP 
type of composition ratio and the band gap, the compo- 
sition region, in which phase separation is caused to 
occur, overlaps upon the composition ratio having a 
compressive strain. Therefore, it is difficult to form an 

35 active layer, which has a large compressive strain, with 
the InGaAsP type of semiconductor layer. Accordingly, it 
is difficult to constitute the semiconductor laser having 
an enhanced reliability, which is described in the litera- 
ture shown above, as a semiconductor laser for produc- 

40 ing a laser beam having a wavelength of the 800nm 
band. 

SUMMARY OF THE INVENTION 

45 [0006] The primary object of the present invention is 
to provide a semiconductor laser device for producing a 
laser beam having a wavelength of a 0.8>im band, which 
device has a high durability and has a high reliability 
under conditions for radiating a laser beam having a 

so high intensity. 

[0007] The present invention provides a first semicon- 
ductor laser device, comprising: a GaAs substrate, a 
first cladding layer, which has either one of p-type elec- 
trical conductivity and n-type electrical conductivity, a 

55 first optical waveguide layer, an ln x2 Ga 1 . x2 As 1 .y2Py2 
first barrier layer, an In^Ga^As-j.ysP^ quantum well 
active layer, an In^Ga^As-i.ygPyg second barrier 
layer, a second optical waveguide layer, and a second 
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cladding layer, which has the other electrical conductiv- 
ity, the layers being overlaid in this order on the GaAs 
substrate, 

wherein each of the first cladding layer and the 
second cladding layer has a composition, which is lat- 
tice matched with the GaAs substrate. 

each of the first optical waveguide layer and the 
second optical waveguide layer has a composition, 
which is lattice matched with the GaAs substrate, 
each of the first barrier layer and the second barrier 
layer has a tensile strain with respect to the GaAs 
substrate and is set such that a total layer thickness 
of the first barrier layer and the second barrier layer 
may fall within the range of 10nm to 30nm, and 
such that a product of a strain quantity of the tensile 
strain and the total layer thickness may fall within 
the range of O.OSnm to 0.2nm, and 
the InjrtGavxsAsvyaPya quantum well active layer 
has a composition selected from the group consist- 
ing of a composition, which is lattice matched with 
the GaAs substrate, and a composition, which has 
a tensile strain of at most 0.003 with respect to the 
GaAs substrate. 

[0008] The present invention also provides a second 
semiconductor laser device, which is constituted in the 
same manner as that in the first semiconductor laser 
device, except that each of the first barrier layer and the 
second barrier layer has an In^Ga^P type of compo- 
sition. 

[0009] The term "total layer thickness" as used herein 
means the sum of the layer thickness of the first barrier 
layer and- the layer thickness of the second barrier layer. 
[001 0] The strain quantity of the tensile strain of each 
of the first and second barrier layers with respect to the 
GaAs substrate may be represented by the formula 
shown below. 

A 1 = ( a GaAs' 3 1 V a GaAs 

wherein represents the strain quantity, ao^ repre- 
sents the lattice constant of the GaAs substrate, and a-j 
represents the lattice constant of the barrier layer. 
[001 1 ] The strain quantity of the tensile strain of the 
quantum well active layer with respect to the GaAs sub- 
strate may be represented by the formula shown below. 

A 2 = ( a GaAs " a 2 V a GaAs 

wherein Ag represents the strain quantity. a <3aAs repre- 
sents the lattice constant of the GaAs substrate, and a 2 
represents the lattice constant of the active layer. 
[0012] Ordinarily, in cases where the quantum well 
active layer is lattice matched with the GaAs substrate, 
it is meant that the strain quantity A 2 falls within the 
range of -0.0025 £ ^0.0025. The composition of the 
quantum well active layer is selected from the group 



consisting of a composition, which is lattice matched 
with the GaAs substrate, and a composition, which has 
a tensile strain of at most 0.003 with respect to the 
GaAs substrate. Specifically, the composition of the 

5 quantum well active layer ts selected from compositions, 
which satisfy the condition of -0.0025£A 2 ^0*003. 
[0013] The first and second semiconductor laser 
devices in accordance with the present invention is con- 
stituted of a composition, in which the active layer does 

10 not contain Al. Therefore, the first and second semicon- 
ductor laser devices in accordance with the present 
invention have a higher durability than the conventional 
semiconductor laser for producing a laser beam having 
a wavelength of the 0.8jun band. Also, with the first and 

is second semiconductor laser devices in accordance with 
the present invention, which are provided with the 
InGaAsP or InGaP tensile strained barrier layers, lattice 
relaxation occurs in the vicinity of the active layer. By vir- 
tue of the lattice relaxation, the band gap can be kept 

20 large, and light absorption at a light radiating end face of 
the device can be reduced. Further, since the barrier 
height between the active layer and each barrier layer is 
kept large by the InGaAsP or InGaP tensile strained 
barrier layers, leakage of electrons and positive holes 

25 from the active layer to the optical waveguide layers can 
be reduced. As a result, the drive current can be kept 
small, and heat generation at the end face of the device 
can be restricted. Therefore, the reliability of the device 
under the conditions for radiation a laser beam having a 

30 high intensity can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

35 

Figure 1 is a sectional view showing a first embodi- 
ment of the semiconductor laser device in accord- 
ance with the present invention, 
Figure 2 is a graph showing the maximum light out- 
40 put power of the first embodiment of Figure 1 and 
the maximum light output power of a semiconductor 
laser for comparison, 

Figure 3 is a graph showing dependence of a 
threshold current upon temperature in the first 
45 embodiment of Figure 1 and the semiconductor 
laser for comparison, 

Figures 4A, 4B, 4C, 4D, 4E, and 4F are sectional 
views showing how a second embodiment of the 
semiconductor laser device in accordance with the 

so present invention is produced, 

Figures 5A. 5B. 5C, 5D, 5E, and 5F are sectional 
views showing how a third embodiment of the sem- 
iconductor laser device in accordance with the 
present invention is produced. 

55 Figure 6 is a sectional view showing a fourth 
embodiment of the semiconductor laser device in 
accordance with the present invention, 
Figures 7A, 7B. and 7C are sectional views show- 
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ing how a fifth embodiment of the semiconductor 
laser device in accordance with the present inven- 
tion is produced, 

Figures 8A, 8B, and 8C are sectional views show- 
ing how a sixth embodiment of the semiconductor 
laser device in accordance with the present inven- 
tion is produced, 

Figures 9A, 9B, and 9C are sectional views show- 
ing how a seventh embodiment of the semiconduc- 
tor laser device in accordance with the present 
invention is produced, 

Figure 10 is a sectional view showing an eighth 
embodiment of the semiconductor laser device in 
accordance with the present invention, 
Figures 11 A, 11B. and 11C are sectional views 
showing how a ninth embodiment of the semicon- 
ductor laser device in accordance with the present 
invention is produced, 

Figures 12A, 12B, and 12C are sectional views 
showing how a tenth embodiment of the semicon- 
ductor laser device in accordance with the present 
invention is produced, and 
Figures 13A, 13B, and 13C are sectional views 
showing how an eleventh embodiment of the semi- 
conductor laser device in accordance with the 
present invention is produced. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0015] The present invention will hereinbelow be 
described in further detail with reference to the accom- 
panying drawings. 

[0016] Frgure 1 is a sectional view showing a first 
embodiment of the semiconductor laser device in 
accordance with the present invention. The constitution 
of the semiconductor laser device and how it is pro- 
duced will be described hereinbelow. 
[0017] With reference to Figure 1 . an n-Ga 1 . z1 Al z1 As 
cladding layer 2, an n- or i-ln^GavxiAsi-yiPyi optical 
waveguide layer 3, an i-ln x2 Ga 1 . X 2As 1 . y 2Py2 tensile 
strained barrier layer 4, an InxsGv^AsvysPya quantum 
well active layer 5, an i-ln^G^jgAs^Pya tensile 
strained barrier layer 6, a p- or i-ln^G^x-i As^Py-i opti- 
cal waveguide layer 7, a p-Ga l . z1 Al z1 As cladding layer 
8, and a p-GaAs contact layer 9 are formed on an n- 
GaAs substrate 1 with a metalorganic chemical vapor 
deposition process. Thereafter, a p-side electrode 10 is 
formed on the contact layer 9, and an n-side electrode 
1 1 is formed on the substrate 1 . Each of the cladding 
layers 2 and 8 is of a composition ratio, which is lattice 
matched with the GaAs substrate 1. Also, each of the 
optical waveguide layers 3 and 7 is of a composition 
ratio, which is lattice matched with the GaAs substrate 
1. Besides the compositions described above, an 
InGaAIAsP type of semiconductor layer may be 
employed. 

[0018] In. this embodiment, the quantum well active 



layer 5 has a composition, which is lattice matched with 
the substrate 1 . Also, each of the tensile strained barrier 
layers 4 and 6 is set such that the strain quantity with 
respect to the substrate 1 may be equal to 0.007 and 
5 such that the layer thickness may be equal to 5nm. 
Alternatively, the quantum well active layer 5 may be set 
such that it may have a tensile strain of a strain quantity 
of at most 0.003 with respect to the GaAs substrate 1 . 
The quantum well active layer 5 may also have a multi- 
to pie quantum well structure. However, the product of the 
tensile strain quantity of the active layer 5 and the total 
thickness (the total layer thickness) of the active layer 5 
should be at most 0.1 nm. The tensile strained barrier 
layers 4 and 6 may be set such that the total layer thick- 
75 ness of the two barrier layers 4 and 6 may fall within the 
range of 1 0nm to 30nm, and such that the product of the 
strain quantity of each barrier layer and the total layer 
thickness may fall within the range of O.OSnm to 0.2nm. 
[0019] Evaluations were made with respect to the 
20 aforesaid first embodiment of the semiconductor laser 
device in accordance with the present invention and a 
semiconductor laser device for comparison, which was 
formed in the same manner as that for the first embodi- 
ment, except that the tensile strained barrier layers were 
25 not formed, and which had a stripe having a width of 
50um The results shown in Figures 2 and 3 were 
obtained. In Figure 2, the solid line indicates the maxi- 
mum light output power of the semiconductor laser 
device in accordance with the present invention, which 
30 is provided with the tensile strained barrier layers. The 
broken line indicates the maximum light output power of 
the semiconductor laser device for comparison, which is 
not provided with the tensile strained barrier layers. In 
Figure 3, the "o" mark indicates the dependence of a 
35 threshold current upon temperature in the semicon- 
ductor laser device in accordance with the present 
invention, and the "X" mark indicates the dependence of 
the threshold current l th upon temperature in the semi- 
conductor laser device for comparison, which is not pro- 
40 vided with the tensile strained barrier layers. From the 
results shown in Figure 2, it was found that the maxi- 
mum light output power of the semiconductor laser 
device in accordance with the present invention is larger 
by approximately 0.3W than the maximum light output 
45 power of the semiconductor laser device for compari- 
son, which is not provided with the tensile strained bar- 
rier layers. Also, from the results shown in Figure 3, it 
was found that the dependence of the threshold current 
upon temperature in the semiconductor laser device in 
so accordance with the present invention is lower than the 
dependence of the threshold current upon temperature 
in the semiconductor laser device for comparison, which 
is not provided with the tensile strained barrier layers. 
[0020] Ordinarily, the dependence of the threshold 
55 current l^ upon temperature is represented by the for- 
mula I th (T)=l 0 xe ^ } , wherein To represents the char- 
acteristic temperature. A high characteristic 
temperature indicates that the dependence of the 



7 



EP0 920 096 A2 



8 



threshold current upon temperature in the device is low, 
and that the reliability under the conditions for radiating 
a laser beam having a high intensity is enhanced. In the 
semiconductor laser device, which is provided with the 
tensile strained barrier layers, in the temperature region 
of 20°C to 50°C, To=223K, and the characteristic tem- 
perature increased by approximately 30K than in the 
semiconductor laser device for comparison, which is not 
provided with the tensile strained barrier layers. Also, in 
the high-temperature region of 50°C to 80°C, the char- 
acteristic temperature of the semiconductor laser 
device in accordance with the present invention was 
125K and was higher by approximately 15K than in the 
semiconductor laser device for comparison, which is not 
provided with the tensile strained barrier layers. 
[0021 ] With the first embodiment of the semiconductor 
laser device in accordance with the present invention, 
the active layer 5 does not contain Al. Therefore, the 
semiconductor laser device in accordance with the 
present invention has a high durability. Also, with the 
first embodBment of the semiconductor laser devices in 
accordance with the present invention, in which the ten- 
sile strained barrier layers 4 and 6 are formed above 
and below the active layer 5, lattice relaxation occurs in 
the vicinity of the active layer 5. By virtue of the lattice 
relaxation, the band gap can be kept large, and there- 
fore the light absorption at a light radiating end face of 
the device can be reduced. Further, since the barrier 
height between the active layer 5 and each barrier layer 
is kept large by the tensile strained barrier layers 4 and 
6, leakage of electrons and positive holes from the 
active layer 5 to the optical waveguide layers 3 and 7 
can be reduced. As a result, the drive current can be 
kept small, and heat generation at the end face of the 
device can be restricted. Therefore, the semiconductor 
laser device for radiating a laser beam having a wave- 
length of the 0.8fim band, which device has a high reli- 
ability under the conditions for radiation a laser beam 
having a high intensity, can be obtained. 
[0022] In the first embodiment described above, the 
GaAs substrate 1 has the n-type electrical conductivity. 
Alternatively, a substrate having the p-type electrical 
conductivity may be employed, and the semiconductor 
laser may be constituted through the growth from the p- 
type semiconductor layer. 

[0023] The first embodiment described above is con- 
stituted such that the electrode may be formed over the 
entire area of the surface of the contact layer 9. Alterna- 
tively, the semiconductor laser device in accordance 
with the present invention may be constituted as a gain 
guiding type of stripe laser, in which an insulating film 
having a stripe current injection window is formed on the 
contact layer. Also, the semiconductor layer constitution 
in the aforesaid embodiment of the semiconductor laser 
device may be employed for a semiconductor laser pro- 
vided with a refractive index guiding mechanism, which 
is produced with ordinary photo-lithographic and dry 
etching techniques. The semiconductor layer constitu- 



tion may also be employed for a semiconductor laser 
provided with a diffraction grating, an integrated optical 
circuit, and the like. 

[0024] Figures 4A, 4B, 4C, 4D, 4E, and 4F are sec- 

5 tional views showing how a second embodiment of the 
semiconductor laser device in accordance with the 
present invention is produced. The layer constitution of 
the second embodiment and how it is produced will be 
described hereinbelow. 

10 [0025] As illustrated in Figure 4A f an n-Ga^AI^As 
cladding layer 22, an n- or Mn^Gav^Asv^Py! optical 
waveguide layer 23, an Mn^Ga^As^P^ tensile 
strained barrier layer 24, an ^Ga^As^^^ quan- 
tum well active layer 25, an i-ln^Ga^As^P^ tensile 

is strained barrier layer 26, a p- or Mn^Ga^As^Py! 
optical waveguide layer 27, a p-Ga 1 . z1 Al z1 As upper f irst 
cladding layer 28, a P-ln x4 Ga 1 . z4 P etching blocking 
layer 29 (having a thickness of approximately 10nm), a 
P^i zi^ziAs upper second cladding layer 30, and a 

20 p-GaAs contact layer 31 are formed successively on an 
n-GaAs substrate 21 with a metalorganic chemical 
vapor deposition process. An insulating film 32, which 
may be constituted of Si0 2 . or the like, is then formed on 
the contact layer 31. 

25 [0026] Thereafter, as illustrated in Figure 4B, stripe 
portions 32b. 32b of the insulating film 32. each of which 
has a width of approximately 6nm and which are located 
on opposite sides of a stripe portion 32a having a width 
of approximately 3nm, are removed with an ordinary 

30 lithographic technique, such that the stripe portion 32a 
may not be removed. Also, as illustrated in Figure 4C, 
the remaining stripe portion 32a of the insulating film 32 
is utilized as a mask, and the epitaxial layers ranging 
from the contact layer 31 to the upper surface of the 

35 etching blocking layer 29 are removed with a wet etch- 
ing technique. In this manner, a ridge stripe is formed. 
At this time, in cases where a sulfuric acid-hydrogen 
peroxide type of etching liquid is employed, the etching 
stops automatically at the etching blocking layer 29. The 

40 thickness of the upper first cladding layer 28 is adjusted 
such that the refractive index guiding in a fundamental 
transverse mode through the ridge stripe waveguide, 
which has been formed in the manner described above, 
can be achieved until a laser beam having a high inten- 
ds sity is radiated. Thereafter, as illustrated in Figure 4D, 
the insulating film 32a is removed, and an insulating film 
33 is formed over the entire areas of the surfaces of the 
ridge portion and the exposed etching blocking layer 29. 
As illustrated in Figure 4E t the portion of the insulating 

so film 33 at the top of the ridge stripe portion is then 
removed with an ordinary lithographic technique. Fur- 
ther, as illustrated in Figure 4F, a p-side electrode 34 is 
formed such that it may cover the exposed contact layer 
31 . Thereafter, the bottom surface of the substrate 21 is 

55 polished, and an n-side electrode 35 is formed on the 
bottom surface of the substrate 21 . 
[0027] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 
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formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 
formation is then carried out. In this manner, the semi- 
conductor laser device is formed. With the structure 
described above, a laser beam having a wavelength of 
the 0.8jim band, which has a high intensity, can be pro- 
duced while the fundamental transverse mode is being 
kept 

[0028] Figures 5A, 5B, 5C, 5D, 5E, and 5F are sec- 
tional views showing how a third embodiment of the 
semiconductor laser device in accordance with the 
present invention is produced. The layer constitution of 
the third embodiment and how it is produced will be 
described hereinbelow. 

[0029] As illustrated in Figure 5A, an n-Gai. z iAl z1 As 
cladding layer 42, an n- or i-ln xl Ga 1 . x1 As 1 . y1 P y1 optical 
waveguide layer 43, an Hn^GavxaAsi-yaPya tensile 
strained barrier layer 44, an InxsGa^As^P^ quan- 
tum well active layer 45, an i-ln x2 Ga 1 . X 2As 1 . y 2Py2 tensile 
strained barrier layer 46, a p- or i-ln xn Ga 1 . x1 As 1 .y l Py l 
optical waveguide layer 47, a p-ln^fGa^AI^. 
x4 As o.2 p o.8 upper first cladding layer 48, a p-ln x5 (Ga 1 . 
z5 AI Z 5) 1 . x5 P upper second cladding layer 49, and a p- 
GaAs contact layer 50 are formed successively on an n- 
GaAs substrate 41 with a metalorganic chemical vapor 
deposition process. An insulating film 52, which may be 
constituted of Si0 2 , or the like, is then formed on the 
contact layer 50. 

[0030] Thereafter, as illustrated in Rgure 5B, stripe 
portions 52b, 52b of the insulating film 52, each of which 
has a width of approximately 6\im and which are located 
on opposite sides of a stripe portion 52a having a width 
of approximately 3^m, are removed with an ordinary 
lithographic technique, such that the stripe portion 52a 
may not be removed. Also, as illustrated in Figure 5C, 
the remaining stripe portion 52a of the insulating film 52 
is utilized as a mask, and the epitaxial layers ranging 
from the contact layer 50 to the upper surface of the 
upper first cladding layer 48 are removed with a wet 
etching technique. In this manner, a ridge stripe is 
formed. At this time, in cases where a sulfuric acid- 
hydrogen peroxide type of etching liquid is employed for 
removing the contact layer 50, and a hydrochloric acid 
type of etching liquid is employed for removing the 
upper second cladding layer 49, the etching stops auto- 
matically at the upper first cladding layer 48. The thick- 
ness of the upper first cladding layer 48 is adjusted such 
that the refractive index guiding in a fundamental trans- 
verse mode through the ridge stripe waveguide, which 
has been formed in the manner described above, can 
be achieved until a laser beam having a high intensity is 
radiated. "Thereafter, as illustrated in Rgure 5D, the 
insulating film 52a is removed, and an insulating film 53 
is formed over the entire areas of the surfaces of the 
ridge portion and the exposed upper first cladding layer 
48. As illustrated in Figure 5E, the portion of the insulat- 
ing film 53 at the top of the ridge stripe portion is then 
removed with an ordinary lithographic technique. Fur- 



ther, as illustrated in Figure 5F, a p-side electrode 54 is 
formed such that it may cover the exposed contact layer 
50. Thereafter, the bottom surface of the substrate 41 is 
polished, and an n-side electrode 55 is formed on the 

5 bottom surface of the substrate 41 . 

[0031] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 

10 formation is then carried out. In this manner, the semi- 
conductor laser device is formed. With the structure 
described above, a laser beam having a high intensity 
can be produced while the fundamental transverse 
mode is being kept. 

75 [0032] A refractive index guiding laser having an 
embedded structure can be produced by repeating the 
growth process three times by using the same etching 
stop mechanism as that described above. 
[0033] Figure 6 is a sectional view showing a fourth 

20 embodiment of the semiconductor laser device in 
accordance with the present invention. The layer consti- 
tution of the fourth embodiment and how it is produced 
will be described hereinbelow. 
[0034] As illustrated in Figure 6, an n-ln 0 ^Gao 52 P 

25 cladding layer 102, an n- or i-ln^Ga^x-iAsvyiPyi opti- 
cal waveguide layer 103, an i-ln^GavxgAs-i.ygPya teiv 
sile strained barrier layer 104, an In^Ga^^As-i.^Pys 
quantum well active layer 105, an i-ln x2 Gai. X 2As 1 . y2 Py2 
tensile strained barrier layer 106, a p- or i-ln x1 Gai. 

30 xiAsi-yiPyi optical waveguide layer 107, a p- 
lno.43Gao.52P cladding layer 108, and a p-GaAs contact 
layer 109 are formed on an n-GaAs substrate 101 with 
a metalorganic chemical vapor deposition process. 
Thereafter, a p-side electrode 1 10 is formed on the con- 

35 tact layer 1 09. Thereafter, the bottom surface of the sub- 
strate 101 is polished, and an n-side electrode 111 is 
formed on the bottom surface of the substrate 101 . 
[0035] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 

40 formed by cleaving the sample along a plane norma) to 
the plane of the sheet of Figure 6, and low-reflectivity 
coating is carried out on the other resonator surface. In 
this manner, this embodiment of the semiconductor 
laser device is formed. 

45 [0036] In the fourth embodiment, the quantum well 
active layer 105 has a composition, which is lattice 
matched with the GaAs substrate 1 01 , or a composition, 
which has a tensile strain of a strain quantity of at most 
0.003 with respect to the GaAs substrate 101. The 

so quantum well active layer 105 may also have a multiple 
quantum well structure. However, the product of the ten- 
sile strain quantity of the active layer 105 and the total 
thickness (the total layer thickness) of the active layer 
1 05 should be at most 0.1 nm. 

55 [0037] The tensile strained barrier layers 104 and 106 
are set such that the total layer thickness of the two bar- 
rier layers 104 and 106 may fall within the range of 
10nm to 30nm, and such that the product of the strain 
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quantity of each barrier layer and the total layer thick- 
ness may fall within the range of O.OSnm to 0.2nm. Each 
tensile strained barrier layer may be a ternary In^Ga^ 
jgP tensile strained barrier layer. 
[0038] With the fourth embodiment, which has the 
structure described above, the same effects as those 
with the embodiments described above can be 
obtained. 

[0039] Also, the fourth embodiment described above 
is constituted such that the electrode may be formed 
over the entire area of the surface of the contact layer 
109. Alternatively, the semiconductor laser device in 
accordance with the present invention may be consti- 
tuted as a gain guiding type of stripe laser, in which an 
insulating film having a stripe current injection window is 
formed on the contact layer 109. Also, the semiconduc- 
tor layer constitution in the fourth embodiment of the 
semiconductor laser device may be employed for a 
semiconductor laser provided with a refractive index 
guiding mechanism, which is produced with ordinary 
photo-lithographic and dry etching techniques. The 
semiconductor layer constitution may also be employed 
for a semiconductor laser provided with a diffraction 
grating, an integrated optical circuit, and the like. 
[0040] In the fourth embodiment described above, the 
GaAs substrate 101 has the n-type electrical conductiv- 
ity. Alternatively, a substrate having the p-type electrical 
conductivity may be employed. In such cases, all of the 
electrical conductivity characteristics described above 
may be reversed. 

[0041] Figures 7A, 7B, and 7C are sectional views 
showing how a fifth errfcodiment of the semiconductor 
laser device in accordance with the present invention is 
produced. The layer constitution of the fifth embodiment 
and how it is produced will be described hereinbelow. 
[0042] As illustrated in Figure 7A, an n-ln 0 ^Ga^P 
cladding layer 122, an n- or i-ln x1 Gai. x1 As^yiPyi opti- 
cal waveguide layer 123, an Hn^Ga^P tensile 
strained barrier layer 124, an In^Oa-i^As-,.^^ quan- 
tum well active layer 125, an Mn^Ga^xaP tensile 
strained barrier layer 126, a p- or i-NVjGa^x-jAs-i.yiPyi 
optical waveguide layer 127, a p-lno.4sGao.52P cladding 
layer 128, and a p-GaAs contact layer 129 are formed 
successively on an n-GaAs substrate 121 with a metal- 
organic chemical vapor deposition process. An insulat- 
ing film 130, which may be constituted of Si0 2 , or the 
like, is then formed on the contact layer 129. 
[0043] Thereafter, stripe portions of the insulating film 
130, each of which has a width of approximately 6*im 
and which are located on opposite sides of a stripe por- 
tion having a width of approximately 3jim that is located 
at the middle portion of the insulating film 130, are 
removed with an ordinary lithographic technique, such 
that the middle stripe portion may not be removed. Also, 
the stripe portion remaining at the middle portion of the 
insulating film 130 is utilized as a mask, and the epitax- 
ial layers ranging from the p-GaAs contact layer 129 to 
the upper surface of the p-or i-ln x1 Ga 1 . x1 As^P^ opti- 



cal waveguide layer 1 27 are removed with a wet etching 
technique. In this manner, a ridge stripe is formed. 
[0044] At this time, in cases where a sulfuric acid- 
hydrogen peroxide type of etching liquid is employed for 
5 etching the p-GaAs contact layer 1 29, and a hydrochlo- 
ric acid type of etching liquid is employed for removing 

the p-ln 0 .48Gao.52 p daddin 9 la Y er 128 « the etching 
stops automatically at the upper surface of the p- or i- 
ln xiG a i-xi A Si-yiP y i optical waveguide layer 127. The 

10 thickness of the p- or i-ln^Ga^As^Py! optical 
waveguide layer 127 is adjusted such that the refractive 
index guiding in a fundamental transverse mode 
through the ridge stripe waveguide, which has been 
formed in the manner described above at the middle 

15 portion of the resonator, can be achieved until a laser 
beam having a high intensity is radiated. 
[0045] Thereafter, as illustrated in Figure 7B, the insu- 
lating film 130 is removed, and an insulating film 131 is 
formed over the entire areas of the surfaces of the ridge 

20 portion and the exposed optical waveguide layer 127. 
As illustrated in Figure 7C, the portion of the insulating 
film 131 at the top of the ridge stripe portion is then 
removed with an ordinary lithographic technique. Fur- 
ther, a p-side electrode 132 is formed such that it may 

25 cover the exposed contact layer 129. Thereafter, the 
bottom surface of the substrate 121 is polished, and an 
n-side electrode 133 is formed on the bottom surface of 
the substrate 121. 

[0046] Thereafter, high-reflectivity coating is carried 

30 out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 
formation is then carried out. In this manner, the semi- 
conductor laser device is formed. 

35 [0047] With the structure described above, a laser 
beam having a wavelength of the 0.8p,m band, which 
has a high intensity, can be produced while the funda- 
mental transverse mode is being kept. 
[0048] In the manner described above, the narrow 

40 stripe fundamental transverse mode laser is formed. 
The structure described above is also applicable to a 
wide stripe multi-mode laser. In such cases, the thick- 
ness of the optical waveguide layer may be set such that 
it may fall within the range of 50nm to 400nm. Also, each 

45 tensile strained barrier layer may have a quarternary 
,n x2G a i-x2As 1 . y 2Fy2 composition. 
[0049] Figures 8A, 8B, and 8C are sectional views 
showing how a sixth embodiment of the semiconductor 
laser device in accordance with the present invention is 

50 produced. The layer constitution of the sixth embodi- 
ment and how it is produced will be described hereinbe- 
low. 

[0050] As illustrated in Figure 8A, an n-lrto ^Ga^P 
cladding layer 142. an n- or 1-I^Gai.xiAsi.yiPyi opti- 
55 cal waveguide layer 143, an i-ln x2 Ga 1 . X 2As 1 . y2 Py2 ten- 
sile strained barrier layer 144, an In^Ga^As^^yz 
quantum well active layer 145, an \-\r\x 2 Ga^ x2 Asi_y 2 Py2 
tensile strained barrier layer 146, a p- or i-ln x1 Ga-,_ 
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xi As i-yi p yi Op\\ca\ waveguide layer 147, a p- 
Ino 48 Gao.5 2 P cladding layer 148, and a p-GaAs capping 
layer 149 are formed successively on an n-GaAs sub- 
strate 141 with a metalorganic chemical vapor deposi- 
tion process. An insulating film 150, which may be 
constituted of Si0 2 , or the like, is then formed on the 
capping layer 149. 

[0051] Thereafter, stripe portions of the insulating film 
150, each of which has a width of approximately 6nm 
and which are located on opposite sides of a stripe por- 
tion having a width of approximately 3^m that is located 
at the middle portion of the insulating film 150, are 
removed with an ordinary lithographic technique, such 
that the middle stripe portion may not be removed. Also, 
the stripe portion remaining at the middle portion of the 
insulating f ilm 150 is utilized as a mask, and the epitax- 
ial layers ranging from the p-GaAs capping layer 149 to 
the upper surface of the p-or i-ln x1 Ga-(.xi As-|_ y i P y i opti- 
cal waveguide layer 147 are removed with a wet etching 
technique. In this manner, a ridge stripe is formed. 
[0052] At this time, in cases where a sulfuric acid- 
hydrogen peroxide type of etching liquid is employed for 
etching the p-GaAs capping layer 149, and a hydrochlo- 
ric acid type of etching liquid is employed for removing 
the p-ln 0 ^Gao 52 P cladding layer 148, the etching 
stops automatically at the upper surface of the p- or i- 
In^Ga^^As^yiPy! optical waveguide layer 147. 
[0053] Thereafter, as illustrated in Figure 8B, an n- 
lno,48(Al z1 Gai. z i)o.52P current blocking layer 151 is 
formed through selective growth. The current blocking 
layer 151 has a refractive index smaller than that of the 
cladding layer 148, has a thickness of approximately 
1 jam, and is lattice matched with the substrate 1 41 . 
[0054] The composition of the n-ln 04 s(Al z1 Ga 1 . 
zi)o.52 p current blocking layer 151 and the thickness of 
the p- or i-lnx-iGa^AsvyiPy! optical waveguide layer 
147 are adjusted such that the refractive index guiding 
in a fundamental transverse mode through the ridge 
stripe waveguide, which has been formed in the manner 
described above at the middle portion of the resonator, 
can be achieved until a laser beam having a high inten- 
sity is radiated. 

[0055] Thereafter, as illustrated in Figure 8C, the insu- 
lating film 150 is removed, and a p-GaAs contact layer 
152 is formed. Also, a p-side electrode 153 is formed on 
the p-GaAs contact layer 152. Thereafter, the bottom 
surface of the substrate 141 is polished, and an n-side 
electrode 154 is formed on the bottom surface of the 
substrate 141. 

[0056] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 
formation is then carried out. In this manner, the semi- 
conductor laser device is formed. 
[0057] With the structure described above, a laser 
beam having a wavelength of the 0.8jim band, which 
has a high intensity, can be produced while the funda- 



mental transverse mode is being kept. 
[0058] In the manner described above, the narrow 
stripe fundamental transverse mode laser is formed. 
The structure described above is also applicable to a 

s wide stripe multi-mode laser. In such cases, the thick- 
ness of the optical waveguide layer may be set such that 
it may fall within the range of 50nm to 400nm. Also, each 
tensile strained barrier layer may have a ternary 
In^Ga^P composition. 

10 [0059] Figures 9A, 9B, and 9G are sectional views 
showing how a seventh embodiment of the semicon- 
ductor laser device in accordance with the present 
invention is produced. The layer constitution of the sev- 
enth embodiment and how it is produced will be 

is described hereinbelow. 

[0060] As illustrated in Figure 9A, an n-lno.4sGao.52P 
cladding layer 162, an n- or i-ln x1 Ga 1 . x1 As 1 . y iP y1 opti- 
cal waveguide layer 163, an Mn^Ga^Asi^Pya ten- 
sile strained barrier layer 164, an InxsGa^AsvyaPys 

20 quantum well active layer 165, an i-ln x2 Ga 1 . x2 Asi.y2Py2 
tensile strained barrier layer 166, a p- or i-ln x1 Ga v 
^As^y^y! optical waveguide layer 167, a p- 
l n o.48^3o.52P upper first cladding layer 168, a p- 
ln x4 Ga 1 _ X 4As 1 . y 4Py4 etching blocking layer 169 (having 

25 thickness of approximately 10nm). a p-lno.4aGao.52P 
upper second cladding layer 1 70, and a p-GaAs contact 
layer 171 are formed successively on an n-GaAs sub- 
strate 161 with a metalorganic chemical vapor deposi- 
tion process. An insulating film 172, which may be 

30 constituted of Si02, or the like, is then formed on the p- 
GaAs contact layer 171. The p-ln x4 Ga 1 .x4As 1 .y 4 P y 4 
etching blocking layer 169 has a composition, which is 
lattice matched with the substrate 161 and has a band 
gap larger than that of the quantum well active layer 

35 165. 

[0061 ] Thereafter, stripe portions of the insulating film 
172, each of which has a width of approximately 6jim 
and which are located on opposite sides of a stripe por- 
tion having a width of approximately 3(im that is located 

40 at the middle portion of the insulating film 172, are 
removed with an ordinary lithographic technique, such 
that the middle stripe portion may not be removed. Also, 
the stripe portion remaining at the middle portion of the 
insulating film 1 72 is utilized as a mask, and the epitax- 

45 ial layers ranging from the p-GaAs contact layer 1 71 to 
the upper surface of the p-ln x4 Gai. x4 As 1 .y 4 Py4 etching 
blocking layer 1 69 are removed with a wet etching tech- 
nique. In this manner, a ridge stripe is formed. 
[0062] At this time, in cases where a sulfuric acid- 

so hydrogen peroxide type of etching liquid is employed for 
etching the p-GaAs contact layer 1 71 , and a hydrochlo- 
ric acid type of etching liquid is employed for removing 
the p-lno.4sGao.52P upper second cladding layer 170, 
the etching stops automatically at the upper surface of 

55 the p-ln x4 Ga 1 . x4 As 1 . y 4P y 4 etching blocking layer 1 69. 
[0063] The thickness of the p- or i-ln^Ga^-i As^P^ 
optical waveguide layer 167 and the thickness of the p- 
lno.48Gao.52P upper first cladding layer 1 68 are adjusted 
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such that the refractive index guiding in a fundamental 
transverse mode through the ridge stripe waveguide, 
which has been formed in the manner described above 
at the middle portion of the resonator, can be achieved 
until a laser beam having a high intensity is radiated. 
[0064] Thereafter, as illustrated in Figure 9B, the insu- 
lating film 172 is removed, and an insulating film 173 is 
formed. As illustrated in Figure 9C, the portion of the 
insulating f flm 1 73 at the top of the ridge stripe portion is 
then removed with an ordinary lithographic technique. 
Further, a p-side electrode 174 is formed such that it 
may cover the exposed contact layer 171. Thereafter, 
the bottom surface of the substrate 1 61 is polished, and 
an n-side electrode 175 is formed on the bottom surface 
of the substrate 161 . 

[0065] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 
formation is then carried out. In this manner, the semi- 
conductor laser device is formed. 
[0066] With the structure described above, a laser 
beam having a wavelength of the 0.8jim band, which 
has a high intensity, can be produced while the funda- 
mental transverse mode is being kept. 
[0067] In the manner described above, the narrow 
stripe fundamental transverse mode laser is formed. 
The structure described above is also applicable to a 
wide stripe multi-mode laser. In such cases, the total 
thickness of the optical waveguide layer and the upper 
first cladding layer may be set such that it may fall within 
the range of 100nm to 400nm. Also, each tensile 
strained barrier layer may have a ternary In^Ga-j.^P 
composition. 

[0068] Figure 1 0 is a sectional view showing an eighth 
embodiment of the semiconductor laser device in 
accordance with the present invention. The layer consti- 
tution of the eighth embodiment and how rt is produced 
will be described hereinbelow. 
[0069] As illustrated in Figure 10, an n-lno.^AlzGa^ 
z)o.52 p cladding layer 202, an n- or i-^Ga^ASv 
y1 P y1 optical waveguide layer 203, an Mn^Ga^As!. 
y2Py2 tensile strained barrier layer 204, an In^Gav 
x3A$i-y3 p y3 quantum well active layer 205. an i-ln^Ga^ 
x2 As i-y2 p y2 tensile strained barrier layer 206, a p- or i- 
ln x1 Ga 1 . x1 As 1 _ y1 P y1 optical waveguide layer 207, a p- 
InQAaiMzGai.Jo&P cladding layer 208, and a p-GaAs 
contact layer 209 are formed successively on an n- 
GaAs substrate 201 with a metalorganic chemical vapor 
deposition process. 

[0070] Thereafter, a p-side electrode 21 0 is formed on 
the p-GaAs contact layer 209. Thereafter, the bottom 
surface of the substrate 201 is polished, and an n-side 
electrode 211 is formed on the bottom surface of the 
substrate 201. Thereafter, high-reflectivity coating is 
carried out on one of resonator surfaces, which have 
been formed by cleaving the sample, and low-reflectivity 
coating is carried out on the other resonator surface. 



Chip formation is then carried out. In this manner, the 
semiconductor laser device is formed. 
[0071] With the structure described above, a laser 
beam having a wavelength of the 0.8jim band, which 
5 has a high intensity, can be produced while the funda- 
mental transverse mode is being kept. 
[0072] Also, the eighth embodiment described above 
is constituted such that the electrode may be formed 
over the entire area of the surface of the contact layer 
10 209. Alternatively, the semiconductor laser device in 
accordance with the present invention may be consti- 
tuted as a gain guiding type of stripe laser, in which an 
insulating film stripe is formed on the structure 
described above Also, the semiconductor layer consti- 
15 tution in the eighth embodiment of the semiconductor 
laser device may be employed for a semiconductor 
laser provided with a refractive index guiding mecha- 
nism, which is produced with ordinary photo-litho- 
graphic and dry etching techniques. The semiconductor 
20 layer constitution may also be employed for a semicon- 
ductor laser provided with a diffraction grating, an inte- 
grated optical circuit, and the like. 
[0073] In the eighth embodiment described above, the 
GaAs substrate 201 has the n-type electrical conducto- 
rs ity. Alternatively, a substrate having the p-type electrical 
conductivity may be employed. In such cases, all of the 
electrical conductivity characteristics descrtoed above 
may be reversed. 

[0074] The quantum well active layer 205 may also 
30 have a multiple quantum well structure. However, the 
product of the tensile strain quantity of the active layer 
205 and the total thickness (the total layer thickness) of 
the active layer 205 should be at most 0.1 nm. Also, 
each tensile strained barrier layer may have a ternary 
35 In^Ga^P composition. 

[0075] Figures 1 1 A. 1 1 B, and 1 1 C are sectional views 
showing how a ninth embodiment of the semiconductor 
laser device in accordance with the present invention is 
produced. The layer constitution of the ninth embodi- 
40 ment and how it is produced will be described hereinbe- 
low. 

[0076] As illustrated in Figure 1 1 A, an n-ln 0 48 (AI 2 Ga 1 . 
z)o.52 p cladding layer 222. an n- or Mn^Gaj.xiASi. 
yi p yi optical waveguide layer 223, an i-ln^Ga^P ten- 

45 sile strained barrier layer 224, an ln x3 Ga 1 . X 3As 1 . y3 Py3 
quantum well active layer 225, an i-ln^Ga-j.jgP tensile 
strained barrier layer 226, a p- or i-ln xl Ga 1 . x1 As l . y1 P yl 
optical waveguide layer 227, a p-lno^AlzGa^Jo 52P 
cladding layer 228. and a p-GaAs contact layer 229 are 

so formed successively on an n-GaAs substrate 221 with a 
metalorganic chemical vapor deposition process. 
[0077] Thereafter, stripe portions of the insulating film 
230, each of which has a width of approximately 6fim 
and which are located on opposite sides of a stripe por- 

55 tion having a width of approximately 3jim that is located 
at the middle portion of the insulating film 230, are 
removed with an ordinary lithographic technique, such 
that the middle stripe portion may not be removed. Also, 
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the stripe portion remaining at the middle portion of the 
insulating film 230 is utilized as a mask, and the epitax- 
ial layers ranging from the p-GaAs contact layer 229 to 
the upper surface of the p-or i-ln^Oa^i As 1 . y1 P y1 opti- 
cal waveguide layer 227 are removed with a wet etching 
technique. In this manner, a ridge stripe is formed. 
[0078] At this time, in cases where a sulfuric acid- 
hydrogen peroxide type of etching liquid is employed for 
etching the p-GaAs contact layer 229, and a hydrochlo- 
ric acid type of etching liquid is employed for removing 
the p-lno.48(AI 2 Gai-z)o.52 p cladding layer 228, the etch- 
ing stops automatically at the upper surface of the p- or 
Hn^Ga^x-iAs^Py! optical waveguide layer 227. The 
thickness of the p- or Mn x1 Ga 1 _ xl As 1 _ y1 P y1 optical 
waveguide layer 227 is adjusted such that the refractive 
index guiding in a fundamental transverse mode 
through the ridge stripe waveguide, which has been 
formed in the manner described above at the middle 
portion of the resonator, can be achieved until a laser 
beam having a high intensity is radiated. 
[0079] Thereafter, as illustrated in Figure 11B, the 
insulating film 230 is removed, and an insulating film 
231 is formed over the entire areas of the surfaces of 
the ridge portion and the exposed optical waveguide 
layer 227. As illustrated in Figure 11 C, the portion of the 
insulating f ilm 231 at the top of the ridge stripe portion is 
then removed with an ordinary lithographic technique. 
Further, a p-side electrode 232 is formed such that it 
may cover the exposed contact layer 229. Thereafter, 
the bottom surface of the substrate 221 is polished, and 
an n-side electrode 233 is formed on the bottom surface 
of the substrate 221 . 

[0080] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 
formation is then carried out. In this manner, the semi- 
conductor laser device is formed. 
[0081] With the structure described above, a laser 
beam having a wavelength of the 0.8|im band, which 
has a high intensity, can be produced while the funda- 
mental transverse mode is being kept. 
[0082] In the manner described above, the narrow 
stripe fundamental transverse mode laser is formed. 
The structure described above is also applicable to a 
wide stripe multi-mode laser. In such cases, the thick- 
ness of the optical waveguide layer may be set such that 
it may fall within the range of 50 nm to 400nm. Also, each 
tensile strained barrier layer may have a quaternary 

-y2^y2 composition. 
[0083] Figures 12A, 1 2B, and 1 2C are sectional views 
showing how a tenth embodiment of the semiconductor 
laser device in accordance with the present invention is 
produced. The layer constitution of the tenth embodi- 
ment and how it is produced will be described hereinbe- 
low. 

[0084] As illustrated in Figure 1 2A, an n-ln 0 ^(A^Ga-, . 
z)o,52 p cladding layer 242, an n- or i-lnxfGav^Asi. 



y i p yi optical waveguide layer 243, an i-ln^Ga^As^ 
y2Py2 tensile strained barrier layer 244, an In^Gai. 
^AsvysPys quantum well active layer 245, an i-ln^Ga^ 
x2^-y2^y2 tensile strained barrier layer 246, a p- or i- 

5 ln x iGai. x iAsi. y1 Py 1 optical waveguide layer 247, a p- 
ln o.48( Al z Ga i-z)o.52 p cladding layer 248, and a p-GaAs 
capping layer 249 are formed successively on an n- 
GaAs substrate 241 with a metalorganic chemical vapor 
deposition process. An insulating film 250, which may 

w be constituted of Si0 2 . or the like, is then formed on the 
capping layer 249. 

[0085] Thereafter, stripe portions of the insulating film 
250, each of which has a width of approximately 6p.m 
and which are located on opposite sides of a stripe por- 

75 tion having a width of approximately 3^m that is located 
at the middle portion of the insulating film 250, are 
removed with an ordinary lithographic technique, such 
that the middle stripe portion may not be removed. Also, 
the stripe portion remaining at the middle portion of the 

20 insulating film 250 is utilized as a mask, and the epitax- 
ial layers ranging from the p-GaAs capping layer 249 to 
the upper surface of the por i-ln^Ga^ As^P^ opti- 
cal waveguide layer 247 are removed with a wet etching 
technique. In this manner, a ridge stripe is formed. 

25 [0086] At this time, in cases where a sulfuric acid- 
hydrogen peroxide type of etching liquid is employed for 
etching the p-GaAs capping layer 249, and a hydrochlo- 
ric acid type of etching liquid is employed for removing 
the p-lno.^AlzGa-i.Jo.saP cladding layer 248, the etch- 

30 ing stops automatically at the upper surface of the p- or 
i-ln x1 Ga-i. x1 As-j.ytPy! optical waveguide layer 247. 
[0087] Thereafter, as illustrated in Figure 12B, an n- 
'"o.^A'ziGki-zifo.KP current blocking layer 251 is 
formed through selective growth. The current blocking 

35 layer 251 has a refractive index smaller than that of the 
cladding layer 248, has a thickness of approximately 
1 tun, and is lattice matched with the substrate 241 . 
[0088] The composition of the n-ln 0 48 (Al z1 Ga 1 . 
zi)o.52 p current blocking layer 251 and the thickness of 

40 the p- or i-lnxtGa-i.xiAsi-yiPyi optical waveguide layer 
247 are adjusted such that the refractive index guiding 
in a fundamental transverse mode through the ridge 
stripe waveguide, which has been formed in the manner 
described above at the middle portion of the resonator, 

45 can be achieved until a laser beam having a high inten- 
sity is radiated. 

[0089] Thereafter, as illustrated in Figure 12C, the 
insulating film 250 is removed, and a p-GaAs contact 
layer 252 is formed. Also, a p-side electrode 253 is 
so formed on the p-GaAs contact layer 252. Thereafter, the 
bottom surface of the substrate 241 is polished, and an 
n-side electrode 254 is formed on the bottom surface of 
the substrate 241. 

[0090] Thereafter, high-reflectivity coating is carried 
55 out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 
ing is carried out on the other resonator surface. Chip 
formation is then carried out In this manner, the semi- 
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conductor laser device is formed. 
[0091] With the structure described above, a laser 
beam having a wavelength of the 0.8jxm band, which 
has a high intensity, can be produced while the funda- 
mental transverse mode is being kept. 
[0092] In the manner described above, the narrow 
stripe fundamental transverse mode laser is formed. 
The structure described above is also applicable to a 
wide stripe multi-mode laser. In such cases, the thick- 
ness of the optical waveguide layer may be set such that 
it may fall within the range of 50nm to 400nm. Also, each 
tensile strained barrier layer may have a ternary 
In^Ga^xgP composition. 

[0093] Figures 1 3A, 1 3B, and 13C are sectional views 
showing how an eleventh embodiment of the semicon- 
ductor laser device in accordance with the present 
invention is produced. The layer constitution of the elev- 
enth embodiment and how it is produced will be 
described hereinbelow. 

[0094] As illustrated in Figure 13A, an n-ln 0 .^(A^Ga^ 
z)o.52 p cladding layer 262, an n- or i-In^Ga^As^ 
y1 P y1 optical waveguide layer 263, an i-ln^Ga^As^ 
y2Py2 tensile strained barrier layer 264, an h^Ga^ 
xz^-yz^yz quantum well active layer 265, an i-ln^Gaj. 
xaAs^^Pyg tensile strained barrier layer 266, a p- or i- 
ln x1 Ga 1 . x1 As 1 . y1 P y1 optical waveguide layer 267, a p- 
lno.48(AI 2 Ga 1 . 2 )o.52 F> upper first cladding layer 268. a p- 
ln x4Gai-x4 A Si-y4P y 4 etching blocking layer 269 (having 
a thickness of approximately 10nm), a p-ln 0 .48(AI 2 Gai. 
z)o.52 p upper second cladding layer 270, and a p-GaAs 
contact layer 271 are formed successively on an n- 
GaAs substrate 261 with a metalorganic chemical vapor 
deposition process. An insulating film 272, which may 
be constituted of Si0 2 , or the like, is then formed on the 
p-GaAs contact layer 271. The p-ln x4 Ga 1 . x4 As 1 _ y 4Py4 
etching blocking layer 269 has a composition, which is 
lattice matched with the substrate 261 and has a band 
gap larger than that of the quantum well active layer 
265. 

[0095] Thereafter, stripe portions of the insulating film 
272, each of which has a width of approximately 6\m 
and which are located on opposite sides of a stripe por- 
tion having a width of approximately 3nm that is located 
at the middle portion of the insulating film 272, are 
removed with an ordinary lithographic technique, such 
that the middle stripe portion may not be removed. Also, 
the stripe portion remaining at the middle portion of the 
insulating film 272 is utilized as a mask, and the epitax- 
ial layers ranging from the p-GaAs contact layer 271 to 
the upper surface of the p-ln x4 Ga 1 . x4 As 1 . y4 P y4 etching 
blocking layer 269 are removed with a wet etching tech- 
nique. In this manner, a ridge stripe is formed. 
[0096] At this time, in cases where a sulfuric acid- 
hydrogen peroxide type of etching liquid is employed for 
etching the p-GaAs contact layer 271 . and a hydrochlo- 
ric acid type of etching liquid is employed for removing 
the p-lrio^fA^Gav^o ^P upper second cladding layer 
270, the etching stops automatically at the upper sur- 



face of the p-!n x4 Ga 1 . x4 As 1 .y4P y 4 etching blocking layer 
269. 

[0097] The thickness of the p- or i-ln^Ga^As^P^ 
optical waveguide layer 267 and the thickness of the p- 

5 ln 0 48 (AI 2 Ga 1 . 2 ) 0 .52 p upper first cladding layer 268 are 
adjusted such that the refractive index guiding in a fun- 
damental transverse mode through the ridge stripe 
waveguide, which has been formed in the manner 
described above at the middle portion of the resonator, 

10 can be achieved until a laser beam having a high inten- 
sity is radiated. 

[0098] Thereafter, as illustrated in Figure 13B, the 
insulating film 272 is removed, and an insulating film 
273 is formed. As illustrated in Figure 13C, the portion 

is of the insulating film 273 at the top of the ridge stripe 
portion is then removed with an ordinary lithographic 
technique. Further, a p-side electrode 274 is formed 
such that it may cover the exposed contact layer 271. 
Thereafter, the bottom surface of the substrate 261 is 

20 polished, and an n-side electrode 275 is formed on the 
bottom surface of the substrate 261 . 
[0099] Thereafter, high-reflectivity coating is carried 
out on one of resonator surfaces, which have been 
formed by cleaving the sample, and low-reflectivity coat- 

25 ing is carried out on the other resonator surface. Chip 
formation is then carried out. In this manner, the semi- 
conductor laser device is formed. 
[0100] With the structure described above, a laser 
beam having a wavelength of the 0.8pm band, which 

30 has a high intensity, can be produced while the funda- 
mental transverse mode is being kept. 
[0101] In the manner described above, the narrow 
stripe fundamental transverse mode laser is formed. 
The structure described above is also applicable to a 

35 wide stripe multi-mode laser. In such cases, the total 
thickness of the optical waveguide layer and the upper 
first cladding layer may be set such that it may fall within 
the range of 100nm to 400nm. Also, each tensile 
strained barrier layer may have a ternary In^Ga^P 

40 composition. 

[0102] In the eleventh embodiment described above, 
the GaAs substrate 261 has the n-type electrical con- 
ductivity. Alternatively, a substrate having the p-type 
electrical conductivity may be employed. In such cases, 

45 all of the electrical conductivity characteristics 
described above may be reversed. 
[0103] The embodiments described above have the 
structures referred to as SQW-SCH, wherein a single 
quantum well is provided and the compositions of the 

so optical waveguide layers are identical with each other. 
The semiconductor laser device in accordance with the 
present invention is also applicable to an MQW struc- 
ture, wherein a plurality of quantum wells are provided. 
[0104] Also, the composition ratio of the In^a^ 

55 xzte-i-yzPyz quantum well active layer, or the like, may 
be adjusted such that a laser beam having a wavelength 
falling within the range of 750nm<A<850nm may be 
radiated. 
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[0105] Further, as the semiconductor layer growth 
method, besides the metalorganic chemical vapor dep- 
osition process described above, it is also possible to 
employ the molecular-beam epitaxial growth method 
utilizing a solid or a gas as the raw material. 5 
[0106] The semiconductor laser device in accordance 
with the present invention can also be utilized as a light 
source for use in the fields of quick information process- 
ing, quick image processing, communication, measure- 
ment, medical applications, printing, and the like. 10 

Claims 

1 . A semiconductor laser device, comprising: a GaAs 
substrate, a first cladding layer, which has either 15 
one of p-type electrical conductivity and n-type 
electrical conductivity, a first optical waveguide 
layer, an In^Ga^As^Pya first barrier layer, an 
InxsGa-j.xsAsvysPya quantum well active layer, an 
ln x2 Ga Vx2 As 1 .y 2 Py2 second barrier layer, a second 20 
optical waveguide layer, and a second cladding 
layer, which has the other electrical conductivity, the 
layers being overlaid in this order on the GaAs sub- 
strate, 

wherein each of the first cladding layer and 25 
the second cladding layer has a composition, which 
is lattice matched with the GaAs substrate, 



strate, 

wherein each of the first cladding layer and 
the second cladding layer has a composition, which 
is lattice matched with the GaAs substrate, 

each of the first optical waveguide layer and the 
second optical waveguide layer has a composi- 
tion, which is lattice matched with the GaAs 
substrate, 

each of the first barrier layer and the second 
barrier layer has a tensile strain with respect to 
the GaAs substrate and is set such that a total 
layer thickness of the first barrier layer and the 
second barrier layer may fall within the range of 
10nm to 30nm, and such that a product of a 
strain quantity of the tensile strain and the total 
layer thickness may fall within the range of 
0.05nm to 0.2nm, and 

the ln x3 Ga l . x3 As 1 .y3Py3 quantum well active 
layer has a composition selected from the 
group consisting of a composition, which is lat- 
tice matched with the GaAs substrate, and a 
composition, which has a tensile strain of at 
most 0.003 with respect to the GaAs substrate. 



10 



each of the first optical waveguide layer and the 
second optical waveguide layer has a composi- 30 
tion, which is lattice matched with the GaAs 
substrate, 

each of the first barrier layer and the second 
barrier layer has a tensile strain with respect to 
the GaAs substrate and is set such that a total 35 
layer thickness of the first barrier layer and the 
second barrier layer may fall within the range of 
10nm to 30nm, and such that a product of a 
strain quantity of the tensile strain and the total 
layer thickness may fall within the range of 40 
0.05nm to 0.2nm, and 

the InxaGa^xsAs-i.ysPya quantum well active 
layer has a composition selected from the 
group consisting of a composition, which is lat- 
tice matched with the GaAs substrate, and a 45 
composition, which has a tensile strain of at 
most 0.003 with respect to the GaAs substrate. 

2. A semiconductor laser device, comprising: a GaAs 
substrate, a first cladding layer, which has either so 
one of p-type electrical conductivity and n-type 
electrical conductivity, a first optical waveguide 
layer, an In^Ga-^P f' rs * barrier layer, an In^Ga^ 
^As^P^ quantum well active layer, an Im^Ga^ 
x2 P second barrier layer, a second optical 55 
waveguide layer, and a second cladding layer, 
which has the other electrical conductivity, the lay- 
ers being overlaid in this order on the GaAs sub- 
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(54) Semiconductor laser device 

(57) A semiconductor laser device comprises a 
GaAs substrate (1). a first cladding layer (2) having 
either one of p-type electrical conductivity and n-type 
electrical conductivity, a first optical waveguide layer (3), 
an InxaGai.jgAsv^Pys first barrier layer (4), an 
^Ga^As! 

-y3^y3 Quantum well active layer (5), an 

ln X 2Ga 1 . x2 As 1 

-y2 p y2 second barrier layer (6), a second 
optical waveguide layer (7), and a second cladding layer 
(8) having the other electrical conductivity, the layers 
being overlaid in this order on the substrate (1). Each 
cladding layer (2,8) and each optical waveguide layer 
(3,7) have compositions, which are lattice matched with 
the substrate (1). Each of the first and second barrier 
layers (4,6) has a tensile strain with respect to the sub- 
strate (1) and is set such that a total layer thickness of 
the barrier layers may be 10nm to 30nm, and a product 
of a strain quantity of the tensile strain and the total layer 
thickness may be 0.05nm to 0.2nm. The active layer (5) 
has a corrposition, which is lattice matched with the 
substrate (1), or a composition, which has a tensile 
strain of at most 0.003 with respect to the substrate (1 ). 
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